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(54) Printing device and method 

(57) An Inkjet printer 10 includes at least one print 
cartridge 1 8 mounted in a scanning carriage 16 and hav- 
ing an ink interconnect 42 coupled, via a flexible tube 
40, to an ink output of a stationary pressure regulator 
38. an ink input of the pressure regulator is connected, 
via a tube 36, to a stationary ink supply 30 having re- 
placeable ink cartridges 31-34. the print cartrkige con- 
tains one or more printheads 96 and one or more ink 



interconnects 54, one interconnect for each colour ink 
which Is printable by the print cartridge. To avoid ink 
pressure spikes due to the momentum of the ink in the 
flexible ink tube as the carriage scans across the medi- 
um, a flexible diaphragm 76 ts incorporated in the ink 
chamber 72, 73 of the print cartrkJge. The print cartrkige 
is inserted in the scanning carriage so as to create a 
flukl coupling between the printhead and the flexible 
tube leading to the scanning carriage. 
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Description 

This invention relates to inkjet printers and more 
particiilarty to a printing device for an Inkjet printer in- 
cluding an ink delivery system which supplies ink from s 
an Ink source to a printhead. 

Inkjet printers are well-known. In these types of 
printers, droplets of Ink are ejected from orifices In a 
printhead as the printhead scans across a medium. In 
certain types of Inkjet printers, disposable print cartridg- 
es, each containing a printhead and a supply of ink, are 
Installed in a scanning carriage. When the supply of Ink 
is depleted, the print cartridge is disposed of. This re- 
sults in a fairly expensive cost per sheet of printing. 

Another type of inkjet printer altows the user to re- 
place the ink supply In the scanning carriage without dis- 
posing ol the printhead Itself. In both of the cases de- 
scribed above, the scanning carriage supports the ink 
supply for the printhead. Since the capacity of the ink 
container must be fairly large to avoid changing ink sup- 20 
plies frequently, the carriage must be fairly large. This 
large carriage places a limit on reducing the size of the 
inkjet printer. 

To overcome the disadvantages of the "on-axis" ink 
supplies, printers with off-axis ink supplies have been 2S 
developed whch use an ink supply not carried on the 
scanning carriage. A flexible tube connects the off-axis 
Ink supply to the scanning printhead. One problem with 
these off-axis ink delivery systems Is that the height dif- 
ference between the printhead and the ink supply is di- 30 
rectly related to the ink pressure to the printhead. There- 
fore, there is a high likelihood that ink will drool out of 
the printhead nozzles if the printer is tilted or tipped over. 
Further, the momentum of the ink in the flexible tube as 
the carriage scans causes fluctuations in the pressure 
of the ink applied to the printhead. 

What is needed is an ink delivery system for an 
inkjet printer whch does not suffer from the vark^us 
drawbacks of the existing Inkjet printers described 
above. 40 

The present Invention seeks to provide an improved 
priority device. 

According to an aspect of the present inventton 
there is provided a printing devce as specified in claim 

1. 4S 

According to another aspect of the present inven- 
tk>n there is provided an ink delivery system as specified 
in claim 9. 

According to another aspect of the present inven- 
tion there is provided a method of operation for an inkjet so 
printer as specified in claim 9. 

In the preferred embodiment of an Inkjet printer, an 
ink delivery system Includes a scanning carriage having 
an ink Interconnect coupled, via a flexible tube, to an ink 
output of a stationary pressure regulator An ink input of ss 
the pressure regulator is connected, via a tube, to a sta- 
tkxiary ink supply having replaceable ink cartridges. A 
relatively small semi-permanent, but replaceable, or 



pemrkanent print cartridge contains one or more print- 
heads and one or more ink interconnects, one Intercon- 
nect for each colour ink which Is printable by the print 
cartrkJge. The print cartridge so Is inserted in the scan- 
ning carriage so as to create a fluid coupling between 
the printhead and the flexible tube leading to the scan- 
ning carriage. Since the printhead receives ink from the 
stationary ink supply, the print cartrkige does not need 
a large internal ink chamber and the print cartridge and 
carriage can be made small. 

In the preferred embodiment, the Ink pressure reg- 
ulator is located proximate to the rest position of the car- 
riage. This prevents drooling from the printhead shoukJ 
the printer be tipped to a non-level orientatkDn. To avoid 
ink pressure spikes due to the momentum of the ink In 
the flexible Ink tube as the carriage scans across the 
medium, a flexible diaphragm is incorporated In the Ink 
chamber of the print cartridge. 

A variety of pressure regulators are described, and 
a variety of print cartridges are described. In a preferred 
embodiment, since it is desirable to reduce the size of 
the carriage, each print cartridge has a dual chamber 
for containing two different colours of ink, so that only 
two print cartridges are needed for a full cotour printer 
printing black, cyan, magenta^ and yellow inks. 

Embodiments of the^present-invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a perspective view of an inkjet printer in- 
corporating an off -axis regulator; 
Fig. 2 is a top down view of an alternative embodi- 
ment inkjet printer having one print cartridge in- 
stalled and incorporating an off-axis regulator; 
Fig, 3 is a perspective view of one embodiment of 
the scanning carriage; 

Fig. 4 is a perspective view of one embodiment of 
the print cartrkJge and its ink interconnect; 
Fig. 5 is a perspective view of the print cartrkJge of 
Fig 4. showing its dual chambers; 
Fig. 6 is a cross-sectkanal view ak)ng line 6-6 in Fig. 
5 Illustrating a flexible diaphragm in a wall of an ink 
chamber for reducing Ink pressure spikes; 
Fig. 7 is a cros8-sectk>nal view akxig line 7-7 in Fig. 
4 Illustrating the flow of ink around the edges of the 
printhead substrate to the ink ejection chambers; 
Fig. 8 is a diagram of one embodiment of an ink de- 
livery system; 

Fig. 9 is a cross-sectkxiat view of an ink accumula- 
tor which may be used in the embodiment of Fig. 8; 
and 

Fig. 10 is a diagram of an alternative embodiment 
of an Ink delivery system. 

Fig. 1 is a perspective view of one embodiment of 
an Inkjet printer 10, with its covers renrK>ved, incor- 
porating various inventive features. Generally print- 
er 10 includes a tray 12 for holding virgin paper 
When a printing operation is initiated, a sheet of pa- 
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per from tray 12 is fed into printer 10 using a sheet 
feeder, then brought around in a U direction to then 
travel in the opposite direction toward tray 12. The 
sheet is stopped in a print zone 14, and a scanning 
carriage 16, containing one or rrtore print cartridges 
18, is then scanned across the sheet for printing a 
swath of ink thereon. 

After a single scan or multiple scans, the sheet is 
then incrementally shifted using a conventional stepper 
motor and feed rollers 20 to a next position within print 
zone 14, and carriage 16 again scans across the sheet 
for printing a next swath of ink. When the printing on the 
sheet is complete, the sheet is forwarded to a position 
atx>ve tray 12. held in that position to ensure the ink is 
dry, and then released. 

Alternative embodiment printers include those with 
an output tray located at the back of printer 10, where 
the sheet of paper is fed through the print zone 1 4 with- 
out being fed back in a U direction. 

The carriage 16 scanning mechanism may be con- 
ventional and generally includes a slide rod 22, along 
whch carriage 16 slides, and a coded strip 24 which is 
optically detected by a photodetector in carriage 1 6 for 
precisely positioning carnage 16. A stepper nrx5tor (not 
shown), connected to carriage 16 using a conventonal 
drive bett and pulley arrangement, is used for transport- 
ing carriage 16 across print zone 14. 

Novel features of inkjet printer 10 and the other 
inkjet printers described in this specification relate for 
example, to the ink delivery system for providing ink to 
the print cartridges 18 and ultimately to the ink ejection 
chambers in the printheads. This ink delivery system in- 
cludes an off-axis ink supply statksn 30 containing re- 
placeable inksupply cartridges 31. 32, 33. and 34, which 
may be pressurised or at atn^ospheric pressure. For col- 
our printers, there wilt typbally be a separate ink supply 
cartridge for black ink, yellow ink. magenta ink, and cyan 
ink. 

Four tubes 36, whteh may be flexible or rigid, carry 
ink from the four replaceable ink supply cartridges 31 -34 
to four pressure regulators within regulator housing 38. 
The regulators convert the unregulated ink pressure 
from ink supply cartrkJges 31 -34 to a regulated ink pres- 
sure. The regulated ink pressure will typically be set to 
between approximately -2 to -10 inches of water, de- 
pending on the printhead and other factors. In one em- 
bodiment, the printhead prints at a resolution between 
300 and 600 dots per inch. Future printheads that offer 
higher reeolutk>n may require pressure setpoints in the 
range of -10 to-25 inches of water. The regulator pres- 
sure is also selected to support the ink path and mating 
architecture. The dtsck^sed regulation system will ac- 
comnnodata all such pressure ranges. 

The Ink within ink supply cartridges 31-34 may be 
pressurized or non-pressurized. Additkxial detail of one 
embodiment of ink supply cartridges 37-34 is found in 
U.S. Applicatkxi Serial No. 08/429.915. filed April 27. 



1995, entitled "Ink Supply for an Ink-Jet Printer,* by 
James Cameron et al.. attorney docket no. 1094053-2, 
incorporated herein by reference. 

Four flexible tubes 40 are connected from the out- 

s lets of the regulators in housing 38 to a manifoki 42 on 
the carriage 16. 

Varksus embodiments of the off -axis ink supply, the 
regulators, the scanning carriage, and the print cartridg- 
es will be described herein. 

10 Fig. 2 is a top down view of another printer 44 very 
similar to that shown in Fig. 1, but with the paper tray 
renx)ved and one print cartridge IB removed. Elements 
throughout the vark>us figures identified with the same 
numerals may be identical. 

IS In a preferred embodiment, the regulators in hous- 
ing 38 are located as close as practical to the rest posi- 
tion 46 (Fig. 2) of carriage 16. This will be proximate to 
the servk:e station 46, which performs f unctk^ns such as 
priming the printheads and cleaning the nozzle plates 

20 of the printheads. This location of the regulators mini- 
mizes the distance between the rest position of the print- 
head nozzles and the pressure regulators. This proxim- 
ity is not critical when the printer is flat. However, when 
the printer is tilted, the height difference between the 

26 pressure regulator and lhi9 nozzles will vary. If the reg- 
ulator is moved a sufficient distance above the nozzles, 
then drooling will take place. By reducing this distance 
bek>w a critical value, such drooling is prevented. This 
is best described by a formula, as presented below. 

30 

Pp = gauge pressure setpoint within a pen printhead. 
Gauge pressure is equal to the absolute pres- 
sure minus absolute atmospheric pressure. In 
the preferred embodiment, the gauge pressure 

3S setpoint is -4.5 inches of water. 

H^= height of regulator minus height of printhead 
when printer is flat Assume that the regulator is 
designed to tocated 1 inch above the print- 
heads when the printer is flat. 

40 P^ = gauge pressure setpoint of regulator = Pp - H^. 

In our example, the regulator setpoint would be 
-5.5 inches of water to compensate for the height 
of the regulator above the printhead during nor- 
mal operation. 

^ AP = pressure variatkxi expected among regulators. 

In the at>ove example, the regulator pressure can 
vary by ±1 .5 inches of water due to a normal worst-case 
tolerance variation. Thus, under worst-case conditions. 

so the regulator pressure can be as high as -4 inches of 
water. To avoid ink drool, the regulator can never be 
more than 4 inches above the printhead. Therefore, we 
must kx:ate the regulator within 4 inches of the printhead 
to avoid drooling when the product is tilted to its worst- 

ss case drool-inducing orientation, which woukJ typically 
be when the printer is placed on its skje with the regu- 
lator at>ove the printhead. 

Thus, we have the following formula: 
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^max = Pp (in inches of water) - - AP, where D^ax ~ 
maximum safe distance (in inches) between 
the rest position ot the printhead and the regu- 
lator. 

Each ot the regulators in housing 38 essentially 
consists of a valve controlling an opening between the 
inlet and outlet of the regulator The valve opens in re- 
sponse to an ink pressure drop on the outlet side of the 
regulator and closes in response to an ink pressure in- 
crease on the outlet skJe. The desired ink pressure at 
the outlet side is a predetermined diflerence between 
the pressure on the outlet side and ambient (atnrK>spher- 
ic) pressure. Atypical negative regulated pressure could 
be approximately -4 inches of water As an example, 
when it is sensed that the ink pressure at the outlet side 
reaches a threshold of, for example, -5 inches of water, 
the valve opens until the pressure has reached, for ex- 
ample, -3 inches of water, which then automatk;ally clos- 
es the valve. With smaller nozzle diameters, the opti- 
mum Ink pressure is increasingly negative. Thus, 
threshold pressures of -1 0 inches of water or more even 
negative may be feasible. 

When printer 10 or 44 is not being operated, the 
valve in each regulator will be closed. Additional details 
of preferred regulators will be described with respect to 
Figs 8-11. 

In Figs. 2 and 3, a single print cartridge 18 is shown 
installed in carriage 18. Four tubes 40, each connected 
to an outlet of a pressure regulator; are in fluid commu- 
nication with a rubber septum 52 supported by carriage 
16. A hollow needle 54 (Fig. 4). formed as part of each 
print cartridge 18, is inserted through the rubber septum 
52 upon pushing the print cartridge 1 8 Into its associated 
stall 55 (Fig.3) within carriage 16 so that a fluid conrvnu- 
nication path exists between a particular ink supply car- 
tridge 31 -34 and a partk;ular print cartridge printhead for 
providing a supply of ink to the printhead. 

A flexible beltows 56 (Fig. 3) is provkied for each 
rigkJ septum elbow 58 (Fig 4) for allowing a degree of x. 
y. and z movement of septum elbow 58 when needle 54 
is inserted into septum 52 to minimize the x, y, and z 
load on needle 54 and ensure a fluid-tight and air-tight 
seal around needle 54. Bellows 56 may be tonmed of 
butyl rubber, high acn nit rile, latex, or other flexible ma- 
terial with tow vapor and air transmisskjn properties. In 
one embodiment, bellows 56 is a flexible diaphragm 
whteh is circular or rectangular in shape and may consist 
of a piece of film forming, or backed by, a resilient mem- 
ber. Altematively. bellows 56 can be replaced with a U- 
ehaped or circular flexible tube. 

A spring (not shown) urges septum 52 upward. This 
altows septum 52 to take up z tolerances, minimizes the 
load on needle 54, and ensures a tight seal around nee- 
dle 54. 

An ink channel sg extends from each needle 54, 
over the top of print cartridge 18, and into an ink cham- 
ber. 



Additional detail regarding the Ink interconnect Is 
found in U.S. Applicatkxi Serial No. OB/706,062. filed 
August 30, 1996, entitled "Inkjet Printer With Off-Axis 
Ink Supply," by Norman Pawtowski, Jr., et al., attorney 
5 docket no. 10960163-1, incorporated herein by refer- 
ence. 

Fig. 4 illustrates the bottom skJe of a multichamber 
print cartridge 1 8. Two parallel rows of offset nozzles 60. 
one row for each color ink printed by print cartridge 18, 
10 are shown laser ablated through tape 62. In one embod- 
iment, there are 300 nozzles spaced to print a vertical 
resolution of 600 dots per inch. Ink fill holes 64 are used 
to initially fill the print cartridge ink chambers with ink. 
Stoppers (not shown) are intended to permanently seal 
IS holes 64 after the initial filling. 

Metal contact pads 68 are electrically connected to 
electrodes on a substrate carrying the ink ejection ele- 
ments. 

Fig. 5 shows print cartrkige 18 with its top removed 
20 to illustrate two ink chambers 72 and 73, each for a par- 
ticular color ink. Each ink chamber 72, 73 is in fluid com- 
munication with a respective needle 54 (Fig. 4) and an 
associated ink supply cartridge 31 -34 via the tubing and 
ink interconnects, previously described. Each chamber 
2S 72, 73 is in fluid communicatkxi with a portk3n of a single 
printhead, or aseparate printhead, associated with that 
chamber. 

To mitigate the eflects of ink pressure spikes due to 
the acceleration cind deceleration of the scanning car- 

^ riage 16. a wall of each of the chambers 72. 73 has a 
flexible (e.g., rubber) portkxi identified as diaphragm 76. 
Diaphragm 76 flexes outward a slight amount with an 
ink pressure spike to absort) any pressure increase of 
the incoming ink. Conversely, diaphragm 76 flexes in- 

35 wardly into the ink chamber 72, 73 to absorb a negative 
pressure spike in the ink. The characteristics of dia- 
phragm 76 would typically be empirically determined 
based upon the particular characteristics of the ink print- 
er, taking into account scanning acceleration, the size 

^ of the flexible tubes 40. the size of the Ink chambers, 
and other factors. 

Fig. 6 is a cross-sectbnal view atong line 6-6 in Fig. 
5 of the flexible diaphragm 76 whk^h Is adhesively se- 
cured or compression clamped to the plastk; print car- 

^ tridge frame 78. In one embodiment diaphragm 76 has 
an area of about 1 cm^ and is about 0.5 mm thick. The 
area and thickness depends on the flexibility of the ma- 
terial and the partk^ular requirements of the system: 
Fig. 7 is a cross-secttonal view atong line 7-7 in Fig. 

so 4 illustrating the paths of inks A and B in the dual cham- 
bers 72. 73 around the outer edges of the silicon sub- 
strate 80 and into ink ejectton chancers 82, 83. A center 
wall 84 separates the two chambers. A heater resistor 
85, 86 in each of the ink ejectkxi chambers is selectively 

ss energized to eject a droplet 88, 89 of ink from an asso- 
ciated rK>zzle 60. Addittonal detail of a printhead which 
may be modified to have the characteristics of Fig. 7 is 
described in U.S. Patent No. 5,278,584, by Keefe et a!., 
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incorporated herein by reference. 

In the preferred embodiment, the nozzle member 
92 is a flexible tape 62, such as Kapton™, having the 
nozzles 60 laser ablated through the flexible tape 62. 
Contact pads 68 (Fig. 4) formed on the flexible tape 62 
are connected to conductive traces on the back of the 
tape 62. The other ends of the traces are connected to 
electrodes on the substrate 80, which are ultimately con- 
nected to the heater resistors 85, 86. In another embod- 
iment, piezoelectric elements are used instead of heater 
resistors. The tape 62 is secured to the print cartridge 
frame 78 by an adhesive 94. A barrier layer 96 forming 
the ink ejectk>n chambers 82, 83 may be formed of a 
photoresist. An adhesive layer 98 secures the barrier 
layer 96 to the bottom of the flexible tape 62. An adhe- 
sive 100 affixes substrate 80 to the center wall 84 and 
creates an ink seal between the chambers 72, 73. 

Although using two dual chamber print cartridges 
18 has been shown in the preferred embodiment to re- 
duce the size of the scanning carriage 16, four single 
chamber print cartridges (without wall 84) can also be 
used. U.S. Patent No. 5,278.584 by Keefe et al. shows 
a print cartrkJge for printing a single color. A smaller ver- 
sion of that print cartridge, but incorporating an ink inlet 
port, may be used in the printer of the present invention 
such that four print cartridges are used instead of two. 
Fig. 1 of the present disclosure illustrates the four print 
cartridges by dashed lines. Altemativety, a stngle btack 
ink print cartridge and a tri-color print cartrkJge nr^ay be 
used, where the tri-color print cartrkJge incorporates 
three sets of nozzles, one for each cok>r. 

Fig. 8 is a diagram of an Ink delivery system in ac- 
cordance with one embodiment. In Fig, 8. the print car- 
tridge 18 includes a single ink chanrtber or a dual ink 
chamber. Only one inkcotor path is shown for simplicity, 
and there will be a separate ink delivery system for each 
color ink. 

Internal to each ink chamber in the print cartridge 
18 is a relatively small accumulator of ink. The purpose 
of the small accumulator is to absorb carriage motion- 
induced pressure spikes. This accumulator, in one em- 
bodiment, consists of the flexible diaphragm 76 in Figs. 
5 and 6 forming a wall of the ink chamber. Another type 
of accumulator is shown in Fig. 9 and may hold any- 
where from a few cubic centimeters of ink to a few tens 
of cubic centimeters of ink. depending upon the tolera- 
ble size of the print cartridge 18. In one embodiment, 
the accumulator 110 shown in Figr=9'comprises^an ink 
bag 112 whose side waits 114, 115 are urged outward 
by an internal spring 118 so as to provide a negative 
pressure at an outlet 120. opening into chamber 72 or 
73. Such a negative pressure will typk^ally be on the or- 
der of -2 inches of water to -1 0 inches of water, depend- 
ing upon the characteristics of the printhead. An inlet 
122 receives the ink supplied to the print cartrkJge. 

Ink is delivered to print cartridge 18 via flexible tub- 
ing 40, which is preferably Potyvinylidene Chtoride 
(PVDC). sokl under the trade name Saran™ by DuPont, 



The flexible tubing 40 is connected to the output or a 
larger accumulator 124 (similar to accumulator 110), 
forming part of a regulator 125, inside the regulator 
housing 38 (Figs. 1 and 2). The accumulator 124 pro- 

5 vides tolerance to air bubbles and allows for accurate 
pressure regulation of the ink from ink supply 31. The 
large accumulator 124 is connected to the fixed tubing 
36. leading from the replaceable ink supply cartridge 31 . 
by the regulator valve 126. The regulator valve 126 may 

10 be any form of valve, such as a rotary vatve or a flapper 
valve. 

In the preferred embodiment, the regulator valve 
1 26 is a flapper valve which covers and uncovers a hole 
between the inlet 122 of the large accumulator 124 and 

t5 the tube 36 to selectively allow an amount of ink to flow 
from the replaceable ink supply 31 to the large accumu- 
lator 124. The opening and ck>sing of the valve 126 is 
dependent upon the ink pressure at the outlet 1 20 of the 
large accumulator 124, Such ink pressure may be de- 

20 termined by a diaphragm or. in the preferred embodi- 
ment, by monitoring the physical dimensions of the ac- 
cumulator 124 of Fig. 9. As the printhead ejects ink. the 
large accumulator 124 collapses. When the accumula- 
tor 124 collapses to a certain point, a positk^n sensor 

25 connected to a sidewall 1 1 4 of the ink bag 1 1 2 triggers 
a controiler circuit that opens the valve 126. This posi- 
tion sensor may simply be a flag attached to the sidewall 
114 of the accumulator 124 which interrupts a path be- 
tween a photodetector and a LED when the ink bag 112 

30 collapses to a certain point While the valve 126 is 
opened, the accumulator 124 back pressure draws in a 
controlled amount of ink from ink supply 31 , determined 
by the open time of valve 126 and the flow rate of the 
ink. Since the collapsing of the spring 118 is related to 

35 the negative pressure at the outlet 120 of the accumu- 
lator 124. actuating the valve 126 based upon the col- 
lapsing of the ink bag maintains the negative pressure 
at the outlet 120 at a fairly constant level. 

Another method of sensing the collapse of the ink 

40 bag 112 is by positioning a metal leaf spring obove or 
bebwthe ink bag 11 2 whfch contacts a conductor. When 
the ink bag 1 1 2 collapses, the leaf spring k^es contact 
with the conductor, signalling that it Is time to open the 
valve 126 to refill the accumulator 124. Other methods 

<s of sensrig Include capacitive serving and Inductive 
sensing. 

Instead of sensing the physk^al collapsing of the ink 
bag 112, the back pressure at the outlet 120 of the ac- 
cumulator 124 can be sensed using a conventional 
so pressure transducer at the outlet 1 20. 

The varbus means of sensing pressure are kjenti- 
fied as the valve controller circuit 127 in Fig. 8. 

In the preferred ennbodiment. the pressure sensor, 
whether detecting the collapsing of the ink bag 112 or 
ss directly detecting the pressure at the outlet 120 of the 
accumulator 124, also detects when the ink supply 31 
is out of ink. When the system opens the vatve 126, - 
the pressure should return to a less negative level, and 
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the accumulator 124 should rebound. If it does not, this 
Is detected, and the system thereby determines that the 
ink supply 31 Is out of ink and the valve 1 26 should be 
closed to avoid air entering the tubing 40 and print car- 
tridge 18. Such a determination will also indicate to the 
printer to give the user an out-of-ink warning. 

Fig. 10 illustrates another embodiment ink delivery 
system tor an inkjet printer, where print cartridge 18 is 
connected via the flexible tubes 40 to a fixed mechanical 
pressure regulator 128. Such a mechanrcal pressure 
regulator 128 may use more conventional techniques 
than the regulator described with respect to Fig. 8. One 
such mechanical regulator 128 incorporates a nDove- 
able lever, where the positfon of the lever is based on 
the difference between atmosphere pressure and the 
pressure of ink in the regulator. The movement of the 
lever in response to the pressure differential mechani- 
cally opens and closes a valve at an inlet of the regulator 
(where opening the valve makes the regulator pressure 
more positive) to maintain the ink pressure at the outlet 
of the regulator relatively constant. Such a regulator will 
be well understood by those skilled in art after reading 
this disclosure. The particular characteristics of the reg- 
ulator would be adjusted to achieve the desired negative 
pressure. 

One type of mechanical' regulator which may be 
used is similar as that described in U.S. Application Se- 
rial No. 08/550,902, filed October 31. 1995, entitled 'Ap- 
paratus For Providing Ink To An Ink-Jet Print Head And 
For Compensating For Entrapped Air,* by Norman Paw- 
lowski, Jr. et al., attorney docket no. 1094910-1. incor- 
porated herein by reference. Although the regulator de- 
scribed in that appfcation is intemal to the print cartridge 
itself, such a regulator without the printhead could also 
serve as the fixed regulator in Fig. 8. Another suitable 
mechanical regulator is described in U.S. Application 
Serial No. 08/518.847, filed August 24. 1995, entitled 
'Pressure Regulated Free-Ink Inkjet Pen," by Nonman 
Pawlowski, Jr et al., attorney docket no. 1093486-1. in- 
corporated herein by reference. Another suitable regu- 
lator is found in U.S. Application Serial No. 08/705,394. 
filed August 30, 1 996, entitled "An Ink Delivery System 
for an Inkjet Pen Having an Automatic Pressure Regu- 
lator System," by Winthrop ChikJers. et al., attomey 
docket no. 1096O493-1. incorporated herein by refer- 
ence. 

Accordingly, a number of embodiments of an inkjet 
printer^having^a-fixod regulator have been described. 
Placing the regulator at a fixed location off the carriage 
has two major advantages over having the regulator on 
tx>ard the carriage: 1 ) it allows the manufacture of very 
small printers, since the print cartridge size and the car- 
riage size can ba reduced; and 2) the regulator can be 
made more accurate and air-tolerant. By having the reg- 
ulator off-board, we can increase regulator size, thus in- 
creasing the accuracy of the regulator, improving the ac- 
cumulator capacity, and improving the regulator's toler- 
ance to bubbles. 



The regulator and/or ink supply station can be 
placed on either the forward side (shown in Fig. 1 ) of the 
carriage scan path or behind the carriage scan path. Al- 
so, the ink supply statbn can be located virtually any- 

5 where intemal or external to the printer, such as on the 
side opposite to the carriage rest position. 

While partkjular embodiments of the present inven- 
tion have been shown and described, it will be obvious 
to those skilled in the art that changes and modifications 

10 may be made without departing from this invention in its 
broader aspects and, therefore, the appended claims 
are to encompass within their scope all such changes 
and modificatk>ns as fall within the true spirit and scope 
of this invention. 

*5 United States patent application no. 08/736,108, 
from which this application claims prk>rity, and the ab- 
stract accompanying this application, are incorporated 
herein by reference. United States patent applicatkxi 
no. 08/736,108 is a continuation-in-part of United States 

20 application no 08/179.866 which is itself a continuatk>n 
of United States application no. 07/862,086. 



Claims 

2S 

1. A printing devk;e comprising: 

a first print cartrkJge (18) including a print car- 
tridge body containing at least one ink chamber 

30 (72, 73); 

at least one printhead supported by said print 
cartridge body including at least one substrate 
(96) containing ink ejection elements (85, 86) 
on a front surface of said at least one substrate. 

55 sakl at least one printhead being in fluid com- 

munication with said at least one ink chamber, 
and 

a flexible diaphragm (76) forming at least a por- 
tion of one wall of said at least one ink chamber 
^ for mitigating ink pressure spikes. 

2. A printing device according to Claim 1 wherein said 
at least one ink chamber (72, 73) comprises multi- 
ple ink chambers in the same print cartridge body. 

45 

3. A printing device according to Claim 1 wherein sakl 
at least one ink chamber (72, 73) comprises two ink 
channbers separated by a centre wall (84), said at 
least one substrate (96) comprises a single sub- 

50 fitrate, wherein a back surface of sakJ substrate is 
sealed with respect to sakj centre wall, and wherein 
ink within each of said two ink chambers flows 
around an associated outer edge of said single sub- 
strate to saki front surface of sakJ substrate and to 

^ associated ink ejection elements (85, 86) on sakJ 
front surface of saki substrate. 

4. A print in g device according to any preceding claim, 
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wherein said flexible diaphragm (76) has a refer- 
ence surface and an internal surface, said refer- 
ence surface being in communication with an out- 
side atmosphere, and said internal surface being in 
fluid communication with ink within said at least one 
ink chamber (72, 73). 

5. A printing device according to any preceding claim 
comprising: 

a carriage (16) supporting sakJ print cartridge 
body wherein said carriage scans along a car- 
riage path that is orientated along a carriage ax- 
is, and wherein a media path is orientated along 
a media axis that is substantially perpendicular 
to said carriage axis; 

a fixed ink supply station (30) for supporting a 
releasably mounted replaceable ink supply 
(34); 

a fixed pressure regulator (38) including a first 
inlet and a first outlet, sakJ inlet being in flukj 
communication with said replaceable ink sup- 
ply when said replaceable ink supply is releas- 
ably mounted to said fixed ink supply station; 
and 

a flexible conduit (40) in flukJ communicatksn 
between satd outlet of said pressure regulator 
and said print cartridge body. 

6. A printing device according to Claim 5 comprising 
a second print cartridge (18) supporting a second 
printhead, said carriage (16) supporting said sec- 
ond print cartridge and said first print cartridge in a 
side-by-side relafbnship. 

7. An ink delivery system for an Inkjet printing system, 
said printing system having a media transport path 
for transporting media along a media axis, said 
printing system having a scanning carriage (16) that 
moves along a scan axis substantially perpendicu- 
lar to said media axis, said Ink delivery system com- 
prising: 

a stationary ink supply station (30), said station- 
ary ink supply station supporting a plurality of 
releasably mounted ink supplies (31 -34), esid 
releasably mounted ink supplies including a 
first ink supply (34) and a secord ink supply 
(33): 

a print cartridge (18) nr»ounted in said scanning 
carriage, said print cartridge having at least two 
chambers (72, 73) including a first chamber 
(72) and a second chamber (73), said first 
chamber receiving a first ink type from said first 
ink supply when said flrst ink supply is releas- 
ably mounted on said stationary ink supply sta- 
tk>n, said second chamber receiving a second 
ink type from said second ink supply when saki 



second ink supply is releasably mounted to said 
statkxiary ink supply station, wherein said first 
ink type and said second ink type are different, 
said print cartridge including a printhead (96) 
having first and second sets of ink ejection el- 
ements (85, 86) in fluid communication with 
said first and second chambers, respectively, 
sakj ink ejection elements for ejecting droplets 
of ink in a first direction onto media; and 
a plurality of fluid paths for establishing ink ftow 
paths between said first ink supply and said first 
chamber and between sakj second ink supply 
and said second chamber. 

8. An ink delivery system according to Claim 7, where- 
in said first chamber (72) is in fluid communication 
with a damping element (76), said damping element 
for reducing ink pressure variatk)ns at said print- 
head that are generated by nrK>tion of said scanning 
carriage (16). 

9. A method of operation for an inlget printer (10) com- 
prising the steps of: 

supplying energizatksn signals to at least one 
printhead (96) in a scanning carriage (16), as 
saki scanning carriage scans across a medium, 
so as to eject droplets of ink (88) from said at 
least one printhead; 

supplying ink to said at least one printhead 
comprising the steps of: 
creating a negative pressure in at least one 
print cartridge (18) body housing said at least 
one printhead as said at least one printhead 
ejects ink droplets onto said medium; 
supplying ink to said at least one print cartridge 
body via at least one flexible tube (40) in fluid 
communcatbn between sad at least one print 
cartrklge t>ody and a statkinary pressure regu- 
lator (38) within said printer; and 
mitigating ink pressure spikes mternal to sakj 
print cartridge body by flexing a diaphragm (76) 
within said print cartridge body. 

10. A method according to Claim 9 comprising the steps 
of: 

regulating'a!pressur6"of.said:ink by-saidiragu- 
tator (38) entering said at least one flexible tube 
(40) such that a pressure of ink leading to sakf 
at least one print cartridge (18) body is of a de- 
sired negative pressure relative to atmosphere 
pressure; and 

supplying ink to said regulatorfrom at least one 
removably mounted ink supply (34) cartridge 
installed in a fixed ink supply station (30). 
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